An experimental survey of peak shapes in two-parameter mass spectra from charge separation of doubly charged ions has been combined with Monte-Carlo simulations of peak shapes for different mechanisms. As a result, the major mechanisms, deferred charged separation, secondary dissociation and concerted explosion, can now be recognised. Finer details and a number of recurrent peculiar peak shapes remain unexplained.
INTRODUCTION
When a molecule breaks into just two fragments, the case usually discussed in molecular dynamics, the linear momenta given to the two fragments are precisely equal and opposite. Exact anticorrelation of the momenta is forced by the conservation law, and is of no dynamical interest. When a molecule breaks into three or more fragments, by contrast, any correlations between the particle motions reflect the mechanism of the reaction. Such correlations are uniquely manifested in the multiparameter peak shapes of charge separation mass spectrometery (CSMS).
Some aspects of the peak shapes have been discussed in detail before, 2 others are covered in a very recent thesis 3 and more will be the subject of a forthcoming paper. 4 Here we discuss the main peak shape types, and illustrate them from CSMS spectra of small molecules under photon and electron impact. Figure 1 , have emerged. The peaks are illustrated by their outer contours; the distribution of intensity within the peak is also important, but is governed mainly by the form of kinetic energy release distribution in each step of the reaction mechanism. In the following discussions the two observed ions are of masses ml and m2 (ml lighter) and m3 is the mass of an unobserved third fragment.
KNOWN PEAK SHAPES

Two-body Peaks
The peak shape shown as "A" in Figure I is a narrow bar of slope 1 with an intensity distribution perpendicular to its length derived from the thermal velocities of the molecules along the spectrometer axis before ionization. This shape is normally seen for parent ions breaking into two fragments, but may also appear in three-body reactions releasing a light neutral fragment with low momentum. The peak ends should have a definite slope (as in the next case), but this is seldom visible.
Deferred Charge Separation
Pairs of ionic fragments are often found to have momenta which are anticorrelated on average, but both ions also have a random momentum component, of the same sign and of magnitude proportional to mass for each ion of a pair. The peak shape, "B," is a lozenge of slope 1 and with ends of slope m2/ml showing the correlation of the random components. The interpretation is that m3 is ejected first leaving mlm +, which rotates to a random angle relative to m3 before breaking into two ions.
Supporting evidence for this mechanism is often available in the form of an mam + peak in the mass spectrum or a metastable tail in the spectrum demonstrating slow charge separation. 5 Fine examples of this peak shape are seen in 
Fast Concerted Dissociation
Dissociation may proceed so fast, and in the limit instantaneously, that any intermediate has no time to rotate before dissociating. The three fragment momenta must then be angularly correlated, and complex peak shapes can result. If the unseen fragment is ejected at a significant angle away from the line connecting the two observed ions, the peak shape will be ovoid, as shown at "D" (upper) in Figure 1 . The shapes show that a quantity determining peak slope is distributed rather than single-valued; possibilities are an energy release, an angle or a time. Lifetime distributions in secondary decay on a femtosecond timescale 1'6 can fit the data, but the problem is to find the true explanation where many models are possible.
